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ABSTRACT

Conversational information seeking (CIS) is concerned with
a sequence of interactions between one or more users and
an information system. Interactions in CIS are primarily
based on natural language dialogue, while they may include
other types of interactions, such as click, touch, and body
gestures. This monograph provides a thorough overview of
CIS definitions, applications, interactions, interfaces, design,
implementation, and evaluation. This monograph views CIS
applications as including conversational search, conversa-
tional question answering, and conversational recommen-
dation. Our aim is to provide an overview of past research
related to CIS, introduce the current state-of-the-art in CIS,
highlight the challenges still being faced in the community,
and suggest future directions.
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1

Introduction

1.1 Motivation

Over the years, information retrieval and search systems have become
more conversational: For instance, techniques have been developed to
support queries that refer indirectly to previous queries or previous
results; to ask questions back to the user; to record and explicitly
reference earlier statements made by the user; to interpret queries
issued in fully natural language, and so forth. In fact, systems with
multi-turn capabilities, natural language capabilities as well as robust
long-term user modeling capabilities have been actively researched for
decades. However, the last few years have seen a tremendous acceleration
of this evolution.

This has been driven by a few factors. Foremost, progress in ma-
chine learning, specifically as applied to natural language understanding
and spoken language understanding, has recently surged. Whereas the
possibility of a conversational information seeking (CIS) system ro-
bustly understanding conversational input from a person was previously
limited, it can now almost be taken for granted. In concert with this,
consumer hardware that supports and encourages conversation has
become common, raising awareness of — and the expectation of — con-
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versational support in IR systems. From the research community, this
has been accompanied by significant progress in defining more natural
CIS tasks, metrics, challenges and benchmarks. This has allowed the
field to expand rapidly. This monograph aims to summarize the current
state of the art of conversational information seeking research, and
provide an introduction to new researchers as well as a reference for
established researchers in this area.

1.2 Guide to the Reader

The intended audience for this survey is computer science researchers in
fields related to conversational information seeking, as well as students in
this field. We do not assume an existing understanding of conversational
systems. However, we do assume the reader is familiar with general
concepts from information retrieval, such as indexing, querying and
evaluation. As this monograph is not a technical presentation of recent
machine learning algorithms, we also assume a basic understanding of
machine learning and deep learning concepts and familiarity with key
algorithms.

The reader will be provided with a summary of the open CIS
problems that are currently attracting the most attention, and many
promising current results and avenues of investigation. We will also
provide an overview of applications attracting interest in the community,
and the resources available for addressing these applications.

When discussing the structure of conversations we adopt terminology
used in the speech and dialogue research community. The most basic
unit is an wutterance (analogous to a single query in retrieval). All
contiguous utterances from a single speaker form a single turn (Traum
and Heeman, 1996), with a conversation consisting of multiple turns
from two or more participants. For the reader we note that somewhat
confusingly, a commonly adopted definition in CIS publications defines
a turn as the pair of a user turn and a system response turn (a user
query and system answer).

The focus of this work differs from recent related surveys. We draw
the reader’s attention to the following most related examples. Gao et al.
(2019) presented an overview focused on specific neural algorithmic
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solutions for question answering, task-oriented and chat agents. Freed
(2021) also focused on the development of chatbots, often for customer
support. Our focus is more on characterizing the problem space related
to information seeking conversations and providing a broad overview
of different problems, metrics and approaches. Moreover, the report
from the third Strategic Workshop on Information Retrieval in Lorne
(SWIRL 2018) (Culpepper et al., 2018) provided a broader summary
of important open challenges in information retrieval, where various
challenges associated with CIS were ranked first. That document pro-
vides a briefer overview and reading list, more concretely aimed at
summarizing open challenges. A more recent report from the Dagstuhl
Seminar on Conversational Search (Anand et al., 2020) reiterated these
challenges in more detail. Beyond these, more focused recent relevant
workshops include SCAI (Penha et al., 2022), KaRS (Anelli et al., 2022),
Sim4IR (Balog et al., 2022), Future Conversation (Spina et al., 2021)
and MuCAI (Hauptmann et al., 2020) among others. Concurrent to
this work, Gao et al. (2023) published a book draft on deep learning
approaches for conversational information retrieval. This monograph
provides a holistic overview of CIS systems, state-of-the-art CIS ap-
proaches, and future directions in CIS research. In contrast, Gao et al.’s
book focuses specifically on deep learning solutions for various subtasks
in conversational IR, therefore providing a complementary view to ours.

1.3 Scope

This monograph focuses on a particular class of conversational systems,
namely those that exhibit key attributes of human conversation. We
take a cue from Radlinski and Craswell (2017), who propose that a
conversational system should incorporate mixed initiative (with both
system and user able to take initiative at different times), memory (the
ability to reference and incorporate past statements), system revealment
(enabling the system to reveal its capabilities and corpus), user reveal-
ment (enabling the user to reveal and/or discover their information
need), and set retrieval (considering utility over sets of complementary
items). Here, we study approaches that exhibit at least some of these
properties. In particular, we do not delve deeply into dialogue systems
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that restrict themselves largely to identifying slot/value pairs in back
and forth exchanges between the system and user.

Additionally, we focus on information seeking, which refers to the
process of acquiring information through conversation in order to satisfy
the users’ information needs. This implies that the conversation should
exhibit a clear goal or assist the human user in completing a specific
task through finding information. While significant progress has been
recently made on chit-chat systems, with a primary goal of keeping users
engaged in realistic conversational exchanges over a prolonged time (for
more information, see Yan et al., 2022), we do not attempt to cover
such work in depth. Our focus thus aligns more with traditional search
concepts such as the presence of an information need or user agenda
that existed before they engaged with the CIS system, and which can
be satisfied through a conversation.

On the other hand, we do not make a strong distinction between
search and recommendation tasks. Rather, we cover both types of
conversational information seeking interactions. We see these as strongly
related tasks that are becoming more closely related as time passes.
Indeed, we believe that the same task can often be characterized as either.
For instance, a query “hotels in London” can be seen as either a search
task (e.g. on a desktop interface, for a potential future tourist considering
affordability in different areas) or a recommendation task (e.g. using a
smart watch while standing in heavy rain in central London). Clearly
device, interface and context play an important role in determining the
best next conversational step.

Finally, we draw attention to three key aspects of CIS that, while hav-
ing received significant attention, remain largely unsolved. First, the level
of natural language understanding in conversational systems remains
far from human-level, particularly over long sequences of exchanges.
Even over adjacent conversational steps, question/answer interpreta-
tion remains challenging. Second, robust evaluation of conversational
systems remains a critical research challenge: The highly personalized
and adaptive nature of conversations makes test collection construction
highly challenging. We will cover many of the common approaches and
their limitations. Third, conversation is sometimes taken to imply voice
or speech interactions. We do not make this assumption, recognizing
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that conversations can happen in many types of interfaces and modali-
ties. We discuss research of conversations combining different types of
interfaces and presentations in depth.

= Three particularly important aspects of CIS that are very
= active areas of research include obtaining human-level natu-
ral language understanding, robust evaluation of CIS systems, and
moving beyond simple text and speech interactions.

There are a number of particularly important aspects of conversa-
tional information seeking that despite their importance are not covered
in depth here, as they apply broadly across many non-conversational
search and recommendation tasks. The first is the question of privacy.
Clearly this is an essential aspect of all search tasks — and should
be considered in depth in any practical system. We refer readers to
Cooper (2008) and Zhang et al. (2016) as a starting point for privacy
considerations as applied to logging and log analysis.

Similarly, we do not consider the type of information that a user may
request or receive — including information that might be considered of-
fensive or harmful. As this issue is not specific to conversational systems
and is heavily studied; A detailed consideration of such information
access is thus beyond our scope. We refer readers to Yenala et al. (2018)
and Pradeep et al. (2021) as starting points of recent work in this space.

Along the same lines, fairness is an essential aspect for information
seeking and recommendation tasks, yet largely beyond our scope. We
note that this includes both fairness in terms of biases that may exist
in recommendation to different groups (Ge et al., 2021) as well as
fairness when considering both consumers of recommendations as well
as producers of items being recommended (Abdollahpouri et al., 2020).
We refer interested readers to Ekstrand et al. (2022) for a complete
recent overview.
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1.4 Applications

An alternative way to characterize the scope of this work could be in
terms of the relevant applications that are addressed. Section 2 will focus
on this formulation, starting with a brief introduction on conversational
information seeking (Section 2.3). This includes a discussion of different
modalities’ (that is, text, speech, or multi-modal) impact on the seeking
process, as for instance studied by Deldjoo et al. (2021). We then
continue with the topic of conversational search and its various proposed
definitions (Section 2.5), culminating with one that relates CIS to many
other related settings (Anand et al., 2020). Section 2.6 introduces
conversational recommendation (Jannach et al., 2021a) followed by
conversational question answering in Section 2.7, where for instance Qu
et al. (2019b) provide a powerful characterization of the relationships
between these areas of study. We continue Section 2 by explaining
how CIS applications can be used in different domains, and focus on
e-commerce, enterprise, and health in Section 2.8. The section concludes
with details on intelligent assistants with relation to CIS.

1.5 A High-Level Architecture for CIS Systems

To create a structure for the remainder of this work, we follow the
general structure of most CIS systems. This choice guides the main
body of this monograph: Each section in this part focuses on a core
technological competency that is essential to a modern CIS system. In
particular, a CIS system must first choose an interface (Section 1.5.1).
It must then have an approach to maintain the state of a conversation
(Section 1.5.2), and at each system turn determine the system’s next
utterance (Section 1.5.3). One particular challenge that is attracting
attention is when the system should take initiative versus responding
passively (Section 1.5.4).

5 Key design considerations of a CIS system include its chosen
- interface, how it maintains conversational state, and how it
selects the system’s next utterance. One particular challenge for
the latter is that of when the system should take initiative.
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1.5.1 Conversational Interfaces and Result Presentation

Section 3 provides an overview of conversational interfaces. We begin
with a historical perspective, where we explain differences between
existing conversational interfaces such as spoken dialogue systems, voice
user interfaces, live chat support, and chatbots. This overview illustrates
the use of conversations within closely related CIS applications (McTear
et al., 2016). Next, research on result presentation through different
mediums (desktop or small device) and modalities (text, voice, multi-
modal) are discussed in Section 3.2, such as recent work by Kaushik
et al. (2020). This overview emphasizes the difficulties with highly
interactive result presentation and highlights research opportunities.
Following this, Section 3.3 introduces different kinds of initiative in
conversational systems, including system-initiative, mixed-initative, and
user-initiative, for instance well-characterized by Zue and Glass (2000)
and Wadhwa and Zamani (2021). This section aims to explain the
different kinds of initiative, and the consequences on human-machine
interactions. We finish the section with a discussion of conversational
interfaces limitations including, for instance, limitations as experienced
by visually impaired searchers (Gooda Sahib et al., 2015).

1.5.2 Tracking and Understanding Flow

The focus of Section 4 is on the varying approaches that make it
possible to follow conversational structure. We begin with an overview
of how to represent a single turn, such as is done with Transformer
models (Raffel et al., 2020), and how turns are often classified into
dialogue acts (Reddy et al., 2019). Section 4.2 then looks at how the
different turns of a conversation are usually tied together through state
tracking and text resolution across turns. In particular, the structure
of longer conversations is looked at in-depth in Section 4.3, although
noting that existing models are often limited in their ability to capture
long-distance conversational structure (Chiang et al., 2020). We cover
work that operates over long-term representation of CIS exchanges in
Section 4.4, followed by recent work that attempts to model longer
conversations in the final section, epitomized by work on selecting the
right context for understanding each turn (Dinan et al., 2019a).
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1.5.3 Determining Next Utterances

The next step for a canonical conversational system is selecting or
generating a relevant response in the conversational context. This is the
focus of Section 5. We begin with an overview of the different types of
responses, including short answers, long answers, and structured entities
or attributes. The short answer section presents early Conversational QA
(ConvQA) systems then discusses the transition to more recent Trans-
former architectures based on pre-trained language models. Section 5.1.5
then examines how ConvQA is performed over structured knowledge
graphs including systems that use key-value networks (Saha et al., 2018),
generative approaches, and logical query representations (Plepi et al.,
2021). Following this, we discuss open retrieval from large text corpora
as part of the QA process. In particular, Section 5.2 goes beyond short
answer QA to approaches performing conversational passage retrieval
from open text collections including multi-stage neural ranking, for in-
stance recently considered by Lin et al. (2021b). We briefly discuss long
answer generation approaches in Section 5.3 including both extractive
and abstractive summarization methods. We conclude the section with
conversational ranking of items in a recommendation context, including
models that use multi-armed bandit approaches to trade-off between
elicitation and item recommendation.

1.5.4 Initiative

Section 6 provides a detailed look at mixed-initiative interactions in
CIS systems. We start with reviewing the main principles of developing
mixed-initiative interactive systems, and describing different levels of
mixed-initiative interactions in dialogue systems (Allen et al., 1999;
Horvitz, 1999). We briefly review system-initiative interactions with a
focus on information seeking conversations, such as the work of Wadhwa
and Zamani (2021), in Section 6.1. We then delve deeply into intent
clarification as an example of important mixed-initiative interactions for
CIS in Section 6.2. We introduce taxonomy of clarification and review
models for generating and selecting clarifying questions, such as those
by Aliannejadi et al. (2019) and Zamani et al. (2020a). In presenting
the work, we include models that generate clarifying questions trained
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using maximum likelihood as well as clarification maximization through
reinforcement learning. Additionally, Section 6.3 discusses preference
elicitation and its relation with clarification, followed by mixed-initiative
feedback (i.e., getting feedback from or giving feedback to users via
sub-dialogue initiation) in Section 6.4.

1.6 Evaluation

Beyond the details of how a CIS system functions, fair evaluation is key
to assessing the strengths and weaknesses of the solutions developed.
Section 7 looks at evaluation in CIS holistically. After considering
possible ways of studying this broad space, this section breaks down
evaluation by the setting that is evaluated. Specifically, offline evaluation
is treated first, in Section 7.2. A variety of frequently used offline datasets
are presented (such as Multi-WOZ (Budzianowski et al., 2018)), and
strengths and limitations are discussed including the use of simulators
to produce more privacy-aware evaluations as well as the use of non-
text datasets. Online evaluation is considered next, with Section 7.3
contrasting lab studies, crowdsourcing, and real-world evaluations. An
example of these is where commercial systems may ask evaluation
questions of their users (Park et al., 2020). Finally, the metrics applied
in these settings are covered in Section 7.4. While readers are referred
to Liu et al. (2021a) for a full treatment, we present an overview of
typical turn-level as well as end-to-end evaluation metrics.

1.7 Open Research Directions

Section 8 provides a brief summary of this monograph and discusses
different open research directions. We collate the major themes discussed
throughout this manuscript instead of presenting a detailed account
of all possible future research problems. We highlight four key areas
for future exploration. First, Section 8.2.1 covers challenges related
to modeling and producing conversational interactions as a way to
transfer information between user and system. Second, we highlight
the importance of result presentation and its role in CIS research in
Section 8.2.2. Third, we emphasise the importance of different CIS
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tasks in Section 8.2.3. Finally, Section 8.2.4 covers measures of success
during the highly interactive CIS process and ultimate evaluation of
CIS systems.

1.8 Further Resources

Beyond the main body of this work, Appendix A briefly presents a
more holistic historical context for this monograph. This appendix
mainly includes information about early research on interactive infor-
mation retrieval, as well as on dialogue-based information retrieval,
such as the I’R (Croft and Thompson, 1987) and THOMAS (Oddy,
1977) systems (see Section A.1). We discuss approaches for theoretical
modelling of interactive information retrieval systems, such as game
theory-based models (Zhai, 2016) and economic models (Azzopardi,
2011) in Section A.2. We also include introductory information about
existing literature on session search, such as the TREC Session Track,
and evaluation methodologies for session search tasks (Carterette et al.,
2016) in Section A.3. Finally, we briefly cover exploratory search (White
and Roth, 2009) and discuss its relationship to conversational infor-
mation seeking in Section A.4, followed by a very brief overview of
chit-chat and task-oriented dialogue systems in Section A.5. Newcomers
to the field of information retrieval are highly encouraged to review this
appendix to develop an understanding of where the core ideas behind
CIS originated.

= This monograph has been used in multiple tutorials on
- conversational information seeking at top-tier conferences,
e.g., at the SIGIR 2022 (Dalton et al., 2022) and the Web Conference
2023 (Dalton et al., 2023). The materials prepared for these tutorials,
e.g., presentation slides, interactive demos, and coding practices,
are available at https://cis-tutorial.github.io/.
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A

Historical Context

In this appendix, we briefly provide a historical context to information
retrieval and dialogue systems research related to conversational infor-
mation seeking systems. Readers that are not familiar with early IR
research are especially encouraged to read this appendix.

A.1 Interactive Information Retrieval Background

Conversational information seeking systems have roots in interactive
information retrieval (ITR) research. The study of interaction has a long
history in information retrieval research, starting in the 1960s (Kelly
and Sugimoto, 2013). Much of the earlier research studied how users in-
teracted with intermediaries (e.g., librarians) during information seeking
dialogues but this rapidly shifted to studying how users interacted with
operational retrieval systems, including proposals for how to improve
the interaction. Information retrieval systems based on this research
were also implemented. Belkin (1980) studied the concept of Anomalous
States of Knowledge (ASK) of users of IR systems and discussed the
importance of multi-turn interactions to help user formulate their needs
and help systems successfully retrieve relevant information (Belkin and
Kwaundefinednik, 1986). Brooks and Belkin (1983) studied information

142



Full text available at: http://dx.doi.org/10.1561/1500000081

A.2. Formal Modeling of IR Systems 143

seeking dialogues between a user and an intermediary and introduced a
annotation coding scheme for discourse analysis of the dialogues.

Oddy (1977) developed an interactive information retrieval system
with rule-based dialogue interactions in 1977, called THOMAS. Ex-
ample snapshots of user interactions with THOMAS are presented in
Figure A.1. As shown in the figure, THOMAS includes a few pre-defined
interaction types. Even though THOMAS handles a sequence of interac-
tions, it does not model users which is essential for IIR systems. Croft
and Thompson (1987) closed this gap by proposing the I?R system — the
first IIR system with a user modeling component. IR uses a mixture of
experts architecture. It assists users by accepting Boolean queries, typi-
cal text queries, and documents (query by examples). It enables users
to provide explicit relevance feedback to the system. Example snapshots
of user interactions with I3R are presented in Figure A.2. Later on,
Belkin et al. (1995) focused on user interactions with IIR systems and
characterized information seeking strategies for interactive IR, offering
users choices in a search session based on case-based reasoning. They
defined a multi-dimensional space of information seeking strategies and
applied their model to the MERIT system, a prototype IIR system that
implements these multi-dimensional design principles.

Since the development of web search engines, research has mostly
focused heavily on understanding user interaction with search engines
based on an analysis of the search logs available to commercial search
engine providers, e.g., see Dumais et al. (2014), Buscher et al. (2009),
Teevan et al. (2007), and Murray and Teevan (2007). Since then, explicit
modeling of information seeking dialogues or conversations with the
aim of improving the effectiveness of retrieval has not been a focus
of research until recently. Among them, session search is perhaps the
closest research area to CIS (see Section A.3).

A.2 Formal Modeling of IIR Systems

The proposition that IR systems are fundamentally interactive and
should be evaluated from the users’ perspective is not new (Kelly,
2009). This has been highlighted by many pioneers in the field since
the 1960s (Cleverdon and Kean, 1968; Salton, 1970). However, today’s
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THOMAS, THE REFERENCE RETRIEVAL PROGRAM

Help can be obrtained whenever the program has displayed the starr symbol by
typing ‘2" immediately after it
Please give a short name for the search:

P Alv.Resp.

Start searching:
P pulmonary alveoli

Influcnce of fasting on blood gas tension, pH, and related walues in dogs.;
Pickrell et al, Am J Vet }|les. 34, 805-8, Jun 73

1.J A Pickrell, 2. JL Mauderly, 3. B A Muggenburg, 4. U C Luft, 5. animal ex-
periments, 6. animal feed, 7. arteries, 8. blood, 9. body temperature, 10. carbon
dioxide, 11. dogs, 12. fasting, 13. hemoglobin, 14. hydrogen-ion concentration,
15. irrigation, 16. lung, 17. oxygen, 18. pulmonary alveoli, 19. respiration, zo.
time factors

»:

There can be threc parts to your statement (all optional):
1. Your reaction to the reference just shown (ifany).
This must come first:
“Yes" or “No”
2. A selection from the names (authors) or terms shown, by number. A “not” in
the statement signifies rejection of all numbers that follow it.
3. New names or terms (terms preferably in quotes). The elements of the state-
ment should be separated by commas.
Examples: ‘posture’, “circulatory system’
Yes, not 11,12
No, 7,13,4
*heart rate’
Yes
Press enter key when you are ready to proceed p

Figure A.1: Snapshots from the THOMAS system (Oddy, 1977).
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e System Messages

hoose one of the Following u. to enter gur
Request

Choices

A Text description
A Document that you already know about

A Boolean Query Formulation

User Query

I’m interested in mechanisma for communicating

hetwveen disjoint processes, possibly, but not i
xclusively, in a distributed environment. I Content
ould rather sees descriptions of complete

echanisma, with or without implementations, as

opposed to theoretical work on the abstract

problem. Remote procedure calls and

rasage-passing are examples of my interests.

reh Humber | Results

. The Structure of the “THE"-Multiprogramming
Sysatem

Communicating Sequential Procesaes
Show Rel .A System for Interprocess Communication in a
Reaource Sharing Computer MHetwork

Show Ral .A Case Study in Programming for
Parallel-Processors

Show Rel 6.Further Comments on Dijkstra’s Concurrent
Programming Control Problem

Show Rel A Syatem for Interprocess Communication in a
Resource Sharing Computer MHetwork

snow B ©. Thoth, a Portables Real-Time Operating Syatem
Show Rel .A Casze Study in Programming for
Parallel-Processors

The Coantrol of Response Times in PMulti-Class
Syatema by Memcry Allocations

Show Rel .Further Comments on Dijkstra’s Concurrent
Programming Control Problem

Figure A.2: Snapshots from the I°R system (Croft and Thompson, 1987).
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search engines are mostly based on algorithms designed for retrieving
documents for a single query. A main reason for this is due to the
complexity of IIR modeling and evaluation. Recently, there has been
some promising progress in formal modeling of IIR problems, including
the probability ranking principle for IIR (Fuhr, 2008), the economics
models for ITR (Azzopardi, 2011), the game theoretic framework for
IR (Zhai, 2016), and the interface card model (Zhang and Zhai, 2015).
Conversational information seeking is an emerging application of IIR
systems and many of the developed IIR models and evaluation method-
ologies can be extended to CIS systems too. For further reading on
approaches for designing and evaluating IIR systems, we refer the reader
to the comprehensive survey by Kelly (2009) and the tutorial by Zhai
(2020).

A.3 Session-based Information Retrieval

One can put information retrieval tasks in context based on the
user’s short-term history (Bennett et al., 2012), their long-term history
(Keenoy and Levene, 2003), or their situation (Zamani et al., 2017).

5 Short-term history is often formulated by the user interac-
- tions with the search engine in a short period of time (e.g.,
a few minutes), referred to as a search session. Sessions are different
from conversations in that one can pick up and continue a past
conversation, while this is not possible in sessions.

Interactions in a session include past queries, retrieved documents,
and clicked documents. Therefore, a session can be considered as a
period consisting of all interactions for the same information need
(Shen et al., 2005). However, this is a strong assumption. In reality,
sessions are complex and they are not all alike. Some sessions contain
various interactions and query reformulations for a single information
need, while some other sessions may involve a series of related simple
tasks. Therefore, sessions should be treated differently. This makes
modeling search sessions challenging. Existing methods oftentimes relax
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the assumptions. For instance, Shen et al. (2005) assumed that all queries
in a session represent the same information need and proposed a model
based on the language modeling framework (Ponte and Croft, 1998) for
session search tasks. In more detail, they provide a more accurate query
language model by interpolating the distribution estimated from the
current query, with the ones estimated from the past queries and clicked
documents. Bennett et al. (2012) introduced a learning to rank approach
for session search and defined a number of features that can be used for
improving the session search performance in web search. TREC Session
Track (Carterette et al., 2016) focused on the development of query
formulation during a search session and improving retrieval performance
by incorporating knowledge of the session context. Session information
can also be used for a number of other information retrieval tasks, such
as query suggestion (Sordoni et al., 2015; Dehghani et al., 2017) and
clarification (Zamani et al., 2020a).

Whole session evaluation of IR systems is also challenging. Jérvelin
et al. (2008) proposed sDCG, an extension of the nDCG (Jarvelin and
Kekéldinen, 2002) metric to session search tasks. sSDCG basically sums
up the nDCG values of all the queries in the session and gives higher
weight to the earlier queries. Kanoulas et al. (2011) later introduced a
normalized variation of sDCG, called nsDCG. Jiang and Allan (2016)
conducted a user study to measure the correlation between these metrics
and user’s opinion. They found that nsDCG has a significant yet weak
correlation with the user metrics. They also showed that user’s opinions
are highly correlated with the performance of the worst and the last
queries in the session. More recently, Lipani et al. (2019) proposed a
user model for session search in which users at each step make a decision
to assess the documents in the result list or submit a new query. This
user model led to the development of the sSRBP metric.

It is clear that session search provides a logical foundation for conver-
sational search tasks, however, there are some fundamental differences
that necessitates developing novel models and evaluation methodologies
for the conversational search tasks. For instance, since most conversa-
tional systems are using limited-bandwidth interfaces, the underlying
user models of the aforementioned metrics cannot be extended to con-
versational search. From the modeling perspective, the type of queries in
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conversational systems are closer to natural language compared to the
session search tasks. In addition, unlike in session search, co-reference
and ellipsis resolutions play a central role in conversational search. That
being said, we believe that the rich history of IR research on session
search would be sometimes quite useful in developing and evaluating
conversational search systems.

A.4 Exploratory Search

A significant research effort in interactive IR has focused on ezploratory
search tasks. Exploratory search is an information retrieval task in which
the user is unfamiliar with the search task, unsure about the goal, or
even unsure about how to complete the task. Users engage in exploratory
search with the aim of learning about and exploring a topic — as opposed
to known-item/look-up tasks in which users are focused on finding a fact
or answering a specific question. Exploratory search refers to a broad set
of real-world search tasks that involve learning, investigation, planning,
discovery, aggregation, and synthesis (Marchionini, 2006). Exploratory
search tasks can be generally categorized as (1) exploratory browsing
and (2) focused searching (White and Roth, 2009). Previous work on
exploratory search has examined interface features to support users
with query refinement and filtering (e.g., faceted search) (Hearst, 2006);
tools to help gather and synthesize information (Morris et al., 2008;
Donato et al., 2010; Hearst and Degler, 2013); and tools to support
collaboration (Golovchinsky et al., 2009).

5 Natural language conversation is a convenient way for ex-

- ploratory search tasks. In many exploratory search tasks,
users experience difficulties describing their information needs using
accurate keyword queries. This is mainly due to a misconception
of the topics and/or the document collection. Information seeking
conversations would be the natural solution for this problem as
natural language conversation is perhaps the most convenient way
of human communication and users can express their exploratory
search needs quite easily.
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Interestingly, many conversations in the TREC CAsT Tracks (Dalton
et al., 2019; Dalton et al., 2020a) are basically addressing exploratory
information seeking tasks through natural language conversation.

A.5 Dialogue Systems

CIS is also related to dialogue systems. Many concepts used in developing
CIS systems were also explored in the context of dialogue systems.
Dialogue systems, or conversational agents, refer to computer systems
that are intended to converse with humans through natural language.
That being said, dialogue systems are not limited to natural language
interactions and can benefit from one or more of text, speech, graphics,
haptics, gestures, and other modalities. Dialogue systems are mainly
categorized as either chatbots (a.k.a. chit-chat dialogue systems) or
task-oriented dialogue systems. The former is designed to mimic human
conversations mostly for entertainment, while the latter is developed to
help the user accomplish a task, e.g., hotel reservation. Task-oriented
dialogues are closer to CIS yet with fundamental differences.
Designing and developing dialogue systems require a deep under-
standing of human conversation. Therefore, the dialogue community
spent considerable efforts on extracting and modeling conversations.
Jurafsky and Martin (2021) reviewed these properties in detail. For
instance, turn is perhaps the simplest property — a dialogue is a sequence
of turns, each a single contribution from one speaker. Dialogue acts is
another important property — each dialogue utterance is a type of ac-
tion performed by the speaker. Different modules in real-world dialogue
systems are designed because of this property, such as dialogue act
classification. Grounding is yet another property of dialogues — acknowl-
edging that dialogue participants understand each other. Initiative is the
final property we review here. As mentioned in Section 6, it is common
in human conversations for initiative to shift back and forth between
the participants. For example, in response to a question, a participant
can ask for a clarification instead of immediately answering the question.
Such interactions are called mixed-initiative. For learning more about
dialogue properties and detailed explanations, refer to Jurafsky and
Martin (2021, Chapter 24) and McTear et al. (2016, Chapter 3).
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Dialogue systems have been studied for decades. ELIZA is an early
chatbot developed by Weizenbaum (1966) in the 1960s. It is a rule-based
dialogue system designed to simulate a Rogerian psychologist. It involves
drawing the patient out by reflecting patient’s statements back at them.
It selects the best match rule for every utterance (regular expression
matching) and uses it for producing the next utterance. PARRY is an
updated version of ELIZA developed by Colby et al. (1971) with a
clinical psychology focus, used to study schizophrenia. Besides regular
expressions, PARRY models fear and anger and uses these variables to
generate utterances. It was the first known system to pass the Turing
test, meaning that psychologists could not distinguish its outputs from
transcripts of interviews with real paranoids (Colby et al., 1972).

Another successful implementation of dialogue systems in early years
was done by the SHRDLU system (Winograd, 1972). SHRDLU provides
a natural language interface to a virtual space filled with different
blocks. Therefore, SHRDLU users could select and move objects in
the virtual space. Given the few number of object types, the action
space and vocabulary in SHRDLU conversations are highly limited.
The AT&T How May I Help You? (HMIHY) system (Gorin et al.,
1997) is also a notable example of dialogue systems developed in the
1990s. HMIHY involved speech recognition, named entity extraction,
and intent classification with the goal of call routing. It used a wizard-
of-oz approach for data collection and training. It also implemented an
active learning algorithm for language understanding.

Dialogue research was later accelerated by the DARPA Commu-
nicator Program. For instance, Xu and Rudnicky (2000) developed a
language modeling framework for dialogue systems during the Communi-
cator Program. It was designed to support the creation of speech-enabled
interfaces that scale across modalities, from speech-only to interfaces
that include graphics, maps, pointing and gesture. Recent chatbot sys-
tems often use large-scale language models, such as GPT-3 (Brown et al.,
2020), in addition to corpus-based approaches that retrieve information
from an external corpus in order to produce more sensible utterances.

For task-oriented dialogue systems, Bobrow et al. (1977) introduced
the GUS architecture in the 1970s. GUS is a frame-based architecture
for dialogue systems, where a frame is a kind of knowledge structure
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representing the information and intention that the system can extract
from the user utterances. Thus, frames consist of many slots and dialogue
systems need to extract and generate the values of these slots based
on the conversation. Architectures similar to or inspired by GUS are
still used in real dialogue systems. An alternative to such a modular
architecture is end-to-end dialogue systems that do not explicitly model
slots and are based on text generation models. We refer the reader
to Gao et al. (2019, Chapter 4) for recent advances on task-oriented
dialogue systems using neural models.

Evaluating dialogue systems is a challenging and widely explored
topic. N-grams matching metrics, such as BLEU (Papineni et al., 2002)
and ROUGE (Lin, 2004), have been used for dialogue system evaluation.
Semantic similarity-based metrics, such as BERT-Score (Zhang et al.,
2020Db), have also been used. However, research shows that these metrics
have several shortcomings (Liu et al., 2016). Using human annotators
to evaluate the output of the system and/or using implicit or explicit
feedback provided by real users are perhaps the most reliable forms of
evaluation for dialogue systems. The PARADISE framework (Walker et
al., 1997) for measure overall system success. Developing and evaluating
dialogue systems are still active areas of research, we refer the reader
to Finch and Choi (2020) for recent work.

A.6 Summary

In this appendix, we briefly reviewed decades of research related to
systems and formal models for interactive information retrieval systems,
exploratory search, and dialogue systems. Even though the natural
language nature of interaction in CIS makes it more complex and many
simplifying assumptions made by prior work on IIR cannot be overlooked
in the context of CIS systems, many of the concepts that have been
developed for IIR can be directly applied to or extended to CIS tasks.
The same argument holds for past research on dialogue systems that
has been briefly reviewed in the last subsection. Therefore, instead of
re-inventing the wheel for various problems in CIS systems, we urge
the reader to have a thorough review of the rich literature on IIR and
dialogue research, some of which are pointed out in this appendix.
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As discussed in Section 7, data construction for conversational informa-
tion seeking tasks is challenging yet crucial for advancing the state of
the art. Many resources have been developed by the research community
in this area. In the following, we provide a non-exhaustive list of notable
text-focused resources related to CIS research, in no particular order:

Dataset: TREC CAsT 2019 - 2022 (Dalton et al., 2019)
Task: open domain conversational passage retrieval
Construction: questions written by organizers & passage pooling
Scale: 100+ conversations

Dataset: CoQA (Reddy et al., 2019)

Task: conversational question answering in seven domains
Construction: wizard-of-oz

Scale: 1K+ conversations

Dataset: QuAC (Choi et al., 2018)

Task: conversational question answering about people
Construction: wizard-of-oz

Scale: 10K+ conversations
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Dataset: QReCC (Anantha et al., 2021)

Task: open domain conversational question answering
Construction: crowdsourcing (professional annotators)
Scale: 10K+ conversations

Dataset: TopiOCQA (Adlakha et al., 2021)
Task: open domain conversational question answering
Construction: wizard-of-oz

Scale: 1K+ conversations

Dataset: MISC (Thomas et al., 2017)

Task: open domain conversational information seeking
Construction: spoken human conversations

Scale: 10+ conversations

Dataset: Qulac (Aliannejadi et al., 2019)
Task: open domain CIS clarification
Construction: crowdsourcing

Scale: 10K+ clarifications

Datasets: MIMICS (Zamani et al., 2020b) & MIMICS-Duo
(Tavakoli et al., 2022)

Task: open domain CIS clarification

Construction: search logs & crowdsourcing (professional annotators)
Scale: 100K+ clarifications

Dataset: RiDial (Li et al., 2018)

Task: conversational movie recommendation
Construction: wizard-of-oz

Scale: 10K+ conversations

Dataset: OpenDialKG (Moon et al., 2019)

Tasks: (1) conversational movie and book recommendation, and (2)
chit-chat about sports and music

Construction: wizard-of-oz

Scale: 10k+ conversations
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Dataset: SCSdata (Trippas et al., 2017)
Task: spoken conversational search
Construction: wizard-of-oz (lab study)

Scale: 10+ conversations

Dataset: CCPE-M (Radlinski et al., 2019)
Task: conversational movie preference elicitation

Construction: wizard-of-oz
Scale: 100+ conversations

Dataset: Frames (El Asri et al., 2017)
Task: task-oriented dialogue for travel assistance
Construction: wizard-of-oz

Scale: 1000+ conversations

Dataset: KVRET (Eric et al., 2017)
Task: task-oriented dialogue for car driver assistance
Construction: wizard-of-oz

Scale: 1000+ conversations

Dataset: MultiWOZ (Budzianowski et al., 2018)
Task: task-oriented dialogue for multiple domains
Construction: wizard-of-oz

Scale: 1K+ conversations

Dataset: TaskMaster (Byrne et al., 2019)
Task: task-oriented dialogue for multiple domains
Construction: wizard-of-oz and self-dialogue
Scale: 10K+ conversations

Dataset: Wizard of Tasks (Choi et al., 2022)

Task: conversational task assistant for two domains: cooking and
home improvement

Construction: wizard-of-oz

Scale: 1004 conversations
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Dataset: Wizard of Wikipedia (WoW) (Dinan et al., 2019b)
Task: conversational information seeking about Wikipedia topics
Construction: wizard-of-oz

Scale: 10K+ conversations

Dataset: MSDialog (Qu et al., 2018)

Task: intent detection in conversational information seeking
Construction: crawling Microsoft Community Forum and crowd-
sourcing annotations

Scale: 1000+ conversations

Dataset: Ubuntu Dialog Corpus (UDC) (Lowe et al., 2015)
Task: technical conversational information seeking about Ubuntu
Construction: Ubuntu chat logs (human-human conversations)
Scale: 100K+ conversations
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